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Incrustation and Corrosion.

ByALHiED C. Chapman, F.I.C., F.C.S.

AVutN deciding- upon a subject on which to address you this evening,

it occurred to me that si paper dealing with the nature of the incrus

tation and corrosion of metallic surfaces in contact with water and

the best means of preventing such action might not be without

interest to you, who, as brewers, are necessarily at the same time

steam-users.

Such knowledge would in some cases suffice to prevent accidents

attended with great inconvenience and risk of disaster, and in most

cases would tend to considerably prolong the life of a steam-boiler.

In one year there- were 83 boiler explosions in this country, resulting

in 33 deaths, and causing grave injury to 71' persons. According

lo tho published statemont, the majority of these were due to

neglected incrustation and corrosion. If the user of steam could

procure a supply of puro distilled water for feed purposes there

would obviously be no such thing as incrustation of the ordinary

kind to trouble him. Seeing, however, that he is practically com

pelled to use a natural water containing more or less dissolved

mineral matter, it becomes of interest to consider the composition

of such mineral matter as affecting the suitability of the water for

boiler use, and to discuss the best methods of treatment for re-

ducing the amount of incrustation to a minimum. I propose to

refer to the question of corrosion afterwards. Although natural

waters arc, of course, extremely variable in composition, there arc-

certain mineral substances which are in almost all cases present,

although in widely differing quantities. The)- nre calcium carbonate,

magnesium carbonate, calcium sulphate, magnesium salphate, silica,

and common salt. Other substances, such as calcium nitrate, sodium

nitrate,' calcium chloride, magnesium chloride, oxide of iron, &c

may or may not be present. Calcium and magnesium carbonates,

although .practically insoluble in pure water, dissolve iu very appre

ciable quantities in water containing dissolved carbonic acid gas,

owing probably to the formation of soluble bicarbonates Thus—
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CaCOs + H2O + CO3 ^

(Calcium bicarbonate, soluble in water).

MgCOa + H3O + CO, r: MgH,(CO,)3

(Magnesium bicarbonate, voluble in water).

These bicarbontttes are such extremely unstable substances that

when the water is heated they are decomposed, carbonic acid gas

being given off, and the normal carbonates precipitated. They thus

constitute what is termed " temporary " hardness, so called because

water exhibiting such hardness may he softened by mere boiling.

The above equations may, therefore, bo read cither from left to right,

or from right to lefr, as is indicated by the arrows pointing in thc-

two directions. Almost all natural waters, other than rainwater,

contain more or less of these bicarbonates (about 2 to 25 grains

per gallon), and consequently give a deposit of the normal carbo

nates when heated in boilers. The other salts of calcium and

magnesium constitute " permanent" barduess, so named because-

water exhibiting such hardness cannot be rendered soft by simply

boiling it; these salts only separate out on evaporation of their

solutions, when tho latter become (oo concentrated to retain them

in solution. Calcium snlphate or gypsnm is by far the most im

portant of these salts, on account of tho extremely hard character of

tho " scale" formed. Its solubility in water depends on the tem

perature, being greatest at about 95° F., and diminishing both

below and above that temperature, as is shown in the following-

table :—

Grains per gallon of

Temperature. CaSO4 dissolved.

32°F. 143

68 „ 169

95 „ 178

140 „ 173

212 „ 140

It is more soluble in a solution of common salt or of sodium

sulphate, a saturated solution of the former salt dissolving as much

as 570 grains of the sulphate per gallon.

At a temperature of 300° F. calcium sulphate is practically in

soluble in water. If, therefore, a gypsum water be heated under
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pressure to this temperature, tho calcium sulphate will be almost

entirely deposited. This fact is not, however, of great practical

importance, as the difficulty of removing the deposit from the tubes

of the heater is almost as great as that of removing it from tho

boiler itself. Magnesium sulphate and the nitrates and chlorides

of magnesinm and calcium are so soluble that they are not pre

cipitated during the ordinary concentration in tho boiler, and conse

quently do not occur in boiler crusts. These salts are, however,

capable of undergoing changes within the boiler, and so contributing

indirectly to the trouble. More especially is this the case with the

sulphate and chloride of magnesium. When ordinary supply water

is first heated a deposit of calcium carbonate will be formed on the

tubes and plates of tho boiler. As tho water becomes more con

centrated the sulphate and chloride of magnesium will react with

this substance in the following manner :—

r CaCOj + MgCl2 = CaClj + MgO + COj;

' L CaCO, + MgSO, = CaSO, + MgO + CO,.

II. MgO + H,0 = Mg(OH),.

Thus the chief result of these reactions is the formation of mag

nesinm hydroxide, a very constant constituent of boiler scale as well

as a very troublesome one on account of its binding action, in virtue

of which it causes the crust to assnme a harder and more coherent

character.

It is also possible, under certain conditions, that the chloride of

magnesium itself undergoes decomposition by water in the boiler,

forming magnesium hydroxide and hydrochloric acid:—

MgClj + 2HSO = Mg(OH), + 2HC1.

The occasional occurrence of small quantities of sodium chloride

(common suit) in boilor scale is due to tho fact that it is capable of

forming double salts with certain salts of calcium and magnesium,

which are only slightly soluble in water, and consequently are depo

sited on concentration. Silica is an almost invariable constituent of

boiler incrustations, and, like calcium sulphate and magnesium

hydroxide, serves to " bind " the deposit, and to render the use of

hammer and chisel for its removal necessary. The constituents, then,

of natural waters whicii are concerned in the production of incrusta

tion are the following:—
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Cnlcinm carbonate, magnesium carbonate, calcium sulphate, silica,

nnd, indirectly, magnesium chloride and magnesium sulphate

Of these, the four lost are by far tho most objectionable, for

reasons stated above. The deposit from the majority of rivor and

supply waters, whose hardness is mainly " temporary," will consist

very largely of calcium carbonate. This deposit is tho least objec-

tionablo of all to the steam-user, as it separates in a loose, powdery

form, or in warty masses which do not adhere strongly to the tubes and

plates, and can therefore be easily removed, to a great extent, in fact,

by merely blowing out, or, better, by washing out through the mud-

holes. Waters derived from the magnesian limestone formations are

much more objectionable than those just referred to, on account of

the presence in solution of considerable quantities of magnesium

carbonate. This is deposited in the tubes of the boiler, as explained

above, and there undergoes partial conversion into the hydroxide,

which causes the incrustation to adhero strongly to the metallic

surfaces, and renders " chipping " necessary. It is, however, in tho

use of waters of considerable permanent hardness that tho most

serious results arc obtained. Calcium sulphate occurs in three

forms: (a) in tho anhydrous form, known as anhydrite; (b) as a

substance produced by the combination of 2 mols. of the anhydrous

snlphato with 1 mol. of water, and having therefore tho formula

2CaSO< + H»O; and (c) in combination with 2 mols. of water as

gypsum, CaSOt + 2H2O. When first deposited in a steam boiler, it

is sometimes precipitated as the dehydrated compound, gypsum, and

at other times as tho compound with 1 mol. of water referred to above

as " b." These compounds, in contact with the heated tubes and

plates of the boiler, undergo conversion into the crystallised anhy

drous compound, a change which serves to bind the deposit into an

extremely dense and hard mass. The compound " b" has been

obtained in a nearly pure condition from a boiler working under

2 atmospheres pressure, in the form of a granular mass of specific

gravity 2*757, consisting of small, transparent, prismatic crystals.

Silica, which is sometimes present in natural waters in considerable

quantities, is also an extremely objectionable constituent, on account

of its ready precipitation and its binding effect on the deposited

salts.
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I give below some analyses of boiler incrustations obtained when

working with waters of different characters :—

A. B. C. D. E.

Calcium carbonate
Calcium hydroxide

Calcium sulphate

Magnesium hydroxide

Magnesium carbonate

Sodium salts (chiefly chloride)..

Oxide of iron

Silica

Organic matter

Moisture

81 -«2

2-60

4-CI1

0-37
2-53

3-75

• 4-60

32-16

5 64

20-04

3-31

7-46

16-94

r 707

L G-78

5-45

13-70

1-Ott

50-37
7-3C

2-81

11-70

1- 0-89

43-65

34-78

4 34

OSG

3-4-1

7-52

r i-55

I 4-16

0-07

85-53

3-39

2-70

0-32

1-10

5-90

100-00 100-00 99-97 100-00 100-00

" A " is from n boiler using Thames water, and working at a pressure of about two

atmospheres. It is a typical deposit from a rirer or supply water containing

chiefly temporary hardness.

" B " is from a boiler supplied with a raagnesinn water. The largo proportion of

carbonate of magnesia is undoubtedly due to the absorption of carbonic acid

by the magnesium hydroxide originally presont after the removal of the scale

from the boiler.

" 0 " is a deposit taken from a boiler supplied witli water from the lnngnesian

limestone. Considerable overheating of the plates had occurred, resulting in

the formation of large quantities of the hydroxides of lime and magnesia. This

scale was analysed almost immediately after its removal, and before the hydr

oxide had had time to become carbonate.

" D" is from a boiler supplied with brackish water from the mouth of a river

(V. Lewes). The large proportion of calcium sulphate is noteworthy.

In " E," which was taken from the boiler of a steamer supplied with sea-water

(Lowes), the proportion of calcium sulphate is seen to bo still greater. Sca-

wntcr contains about 100 grains per gallon of the substance. It is worthy of

note that the proportion of calcium sulphate in the incrustation increases with

the pressure at which the boiler is working.

These mineral deposits are very bad conductors of heat, and there

fore necessitate the employment of more coal. It has been stated on

good authority that an incrustation -Jth of an inch in thickness

necessitates the use of 16 per cent.; ^th of an inch, 50 per cent.; an

i-inch, 150 per cent, additional fuol. The use of hammer and chisel

for the removal of the incrustation, as is often necessary, must

obviously tend to considerably shorten the life of a boiler, and there

is, in addition, the chance of a serious explosion occurring, owing to

the cracking of the scale and the sudden contact of water with the
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overheated plates. This overheating, moreover, burns the outside of

the tubes and plates, mid causes corrosion of their inner surfaces. It

is, therefore, a matter of llio greatest importance to tho t*tcam-usor

that this incrnstation, with all its attendant evils, should be, as far

as possible, prevented, and numerous methods of effecting this object

have been proposed. These may, roughly, be divided into " chemical"

and " mechanical." In the latter certain solid bodies, such as twigs,

brushes, chains, or wires, nro employed, which tend to collect the

deposit and to prevent it from forming a hard, coherent layer ou the

plates. TIioko are, to a certain extent, useful. Other substances of

nn organic nature, such as pea*, moss, bran, malt-combs, Ac,

although acting in a somewhat similar manner, are very apt to

induce " priming," and are not at all to bo rocommended.

Paraffin oil, which is somewhat extensively used in America, falls

in the category of mechanical " anti-incrustators." Its action con

sists in coating the plates and also tho small particles of deposit

with an oily layer and eo preventing tho latter from Retting into a

hard mass and adhering to the surfaces of the boilei. It should, of

course, bo free from even traces of sulphuric acid, which is used in

the refining of the crude petroleum. In breweries in which naked

steam is required its employment is, however, inadmissible, as it is

carried over with the steam.

Petroleum is sometimes useful for removing scale. It penetrates

the minuto interstices of the deposit, and causes it to scnle off and

fall to tho bottom of tho boiler. In some cases, however, it does not

act at all readily in this direction.

Tallow, which is sometimes used, is open to the very serious

objection that fatty acids, such as stcaric, arc formed from it ia the

boiler, which act energetically on the metal, causing extensive corro

sion and " pitting." In addition, calcium and mugnesian salts of the

fatty acids are formed, which give a very lmrd and tenacious form of

scale of extremely low hcat-condnctiDg power. For the same reasons

tallow ought not to be employed as an engine lubricant when the

exhaust nteam is again used. Some of these " mechanical " anti-

incrustators act in a satisfactory manner, more especially in the

case of waters whose hardness is mainly temporary, but as a rule

far better results are obtained by the proper use of certain sub

stances whose action is purely chemical. Of the various saline anti-
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incrastators, sodium carbonate is certainly the most efficacious. It

will bo remembered that the most troubloHonie scales arc formed

by the deposition of crystallised calcium sulphate and by the forma

tion of magnesium hydroxide, prodnced by tho interaction of soluble

magnesium salts with the precipitated calcium carbonate. By tho

addition of the requisite quantity of sodium carbonate (washing

soda crystals) to the water in the boiler, these soluble salts of lime

and magnesia are converted into the carbonates, and n deposit is

thus obtained -which is comparatively loose, and which can be

removed with moderate ease when the boiler is blown off. Tho

following reactions occur when a water containing such soluble

earthy salts is boiled with washing soda :—

CaSO, + Na2C0, = CaCO, + Na,SO,.

MgSO,+ Na,CO3 = MgCOj+ Na,SO,.

Thus tho lime and magnesia will be deposited almost entirely hh

carbonates, and easily sol able sodium sulphuto will bo formed ut tho

same time. Sodium carbonate is,as a matter of fact, the chief ingredient

of the majority of " boiler compositions " on the market, small quan

tities of catechu, aniline dyes, &c, being added for colouring purposes.

It is sometimes customary to add at a givon time, way after tho

boiler has been cleaned, a considerable quantity of sodium carbonate,

sometimes enough for several weeks' water supply. This is un

doubtedly a mistake, for the large amount of alkali at first present

is very apt to cause " wet steam " and to corrode the fittings,

whilst should the boiler be blown-off before the next addition it is

obvious that the feed water subsequently introduced would not havo

the advantage of any treatment. Tho best plan is to inject each

day the calculated quantity of washing soda, and to thoroughly blow-

off and clean the boiler at intervals of threo or four weeks, depend

ing on the hardness of the feed-water used. It is also well to let

off an inch or two of boiling water through the blow-off cock, say

every other day, when sodium carbonate is used, as much of the

loose powdery calcium and magnesium carbonates will be removed

and tho chance of setting into a hard scale will bo reduced to a

minimum. It must not, however, be imagined that this is in any

way a substitute for the more thorough cleaning through the mud-

hole referred to above.
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The composition of the feed-water being known, it is an easy

matter to calculate tho quantity of washing soda necessary for the

treatment of any number of gallons of water used in tho boiler by

referenco to the following figures:—

Every 1 grain of each of the following anhydrous salts requires

the following quantities (grains) of washing soda crystals for decom

position.

1 grain calcium sulphate requires 2*103 grains washing soda.

1 ,, magnesium sulphate requires 2*383 ,, „ „

1 „ calcium chloride requires 2*577 ,, ., ,.

1 ,, magnesium chloride requires 3*010 ,, „ „

1 „ calcium nitrate requires 1"744 „ „ „

All that is necessary, then, is to multiply the number of grains of

each of the above salts in the water by tho corresponding figures given

above. The sum of the results will be tho amount (grains) of washing

soda to bo added to 1 gallon of the water, from which tho amount

required for a day's working can at once be obtained by multiplying

this by tho number of gallons daily injected into tho boiler. I may

point out that washing soda crystals have the formula NasCo3,10HiO,

and contain only 37 per cent, of tho anhydrous sodium carbonate.

Tribasio sodium phosphate, sodium sulphite, and sodium fluorido

have been proposed and used for the purpose of preventing scale in

boilers, but it is doubtful whether they have any advantage over

ordinary washing soda in point of efficacy, and they are cortainly

mucb more expensive

Tannic acid, which is sometimes used, forms with the soluble

salts of lime and magnesia, tannatcs of those bases which are

almost entirely soluble, and gives an incrustation on concentration,

which is more easily removed. It, however, attacks the iron

and is not a desirable substance to employ. Feed pipes should

be of large size and should not deliver the water to the hottest

part.

I have hitherto spoken only of tho treatment of the water within

the boiler itself, and this is the course most frequently adopted by

brewers. Thore can be no doubt, however, that by far the better

plan is to soften the feed-water in an outside apparatus before intro

ducing it into the boiler, more especially in breweries where much
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-steam is used, and where the water contains more than a small

amount of permanent hardness.

When the haitlness is almost entirely temporary, as in the case of

the majority of ordinary town-supply waters, this is best effected by

the Porter-Clark process, which consists in adding to the water the

requisite quantity of lime-water. The lime combines with the

carbonic ucid which is keeping the carbonates of calcium and

magnesium in solution, witli the result that these substances arc

.almost entirely precipitated. The precipitate may then either be

removed by filtration through canvas, or two softening tanks may be

employed nnd used alternately, the carbonates being allowed to

settle, and the. clear treated water run off for wse. The- reaction may

be expressed by the following equation:—

CaH,(CO,)2 + Ca(OK), = 2CaC0, + 2H,O.

The lime also decomposes the soluble magnesium salts (such as the

sulphate) precipitating the hydroxide, but since corresponding

soluble salts of calcium are formed, as will be soon by referring

to the equation given below, and moreover, as it has no action on

■calcium sulphate, the process is of no use when the hardness of a

water is mainly permanent.

MgSO, + Ca(OH), = Mg(OH), + CaSO,

Insoluble. Soluble.

As an instance of the use of this process on a largo scale, I may

-mention that the London and North-Western Railway Company

■soften 7,000 gallons of chalk-water per hour at Camden Town for nse

in their locomotive boilers. The best quick-lime, made from lime

stone, should bo purchased for nse in this process, and should be

protected as far as possible from tbe air, and slaked when required.

Every 1 grain per gallon of temporary hardness theoretically

necessitates the addition to the water of 0'5G grain per gallon of

quicklime, or 0"74 grain per gallon of dry slaked lime.®

I give below two analyses 1 have made of deposits obtained in the

softening of water by a somewhat similar process. Both occurred in

• As a matter of fact, natural waters always contain more carbonic acid than is

necessary to form with the carbonates of lime and magnesia the hypothetical

bicarbonate* above referred to, and it is consequently necessary to add more than

the above quantities of lime in order to soften them by the Porter-Clark process.
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the form of small, hard, nodular masses, having a roughly crystalline

fracture. They are interesting ns showing tho formation of a basic

silicate of lime.

Lime (calcium oxide) o'2'19 53'20

Oxide of iron 8*40 180

Magnesia (magnesiumoxide).. — 0'32

Silica 19-68 430

Sulphuric acid (M3 071

Carbonic acid 5"70 34-37

Water of combination 13*60 5*30

10000 100-00

These analyses clearly point to the existence in these deposits of

a basic hydrated silicato of lime of tho formula 2CiiSiO3*3CaO ■+•

4H,O. They practically consist, therefore, of a mixture of this

substance with carbonate of lime and oxide of iron.

"When tho water to be treated contains tho sulphates of lime and

magnesia in addition to the carbonates, carbonate of .soda (washing

soda) roust be added in the requisite quantity (see above) in addition

to the lime, the one treatment following the other.

Caustic soda, which is frequently employed in treating water for

boiler use, converts the soluble magnesium salts into the insoluble

hydroxide, but does not itself attack tho sulpliuto of lime. Com

mercial caustic soda, however, invariably contains moro or less of the

carbonate, and this salt is also formed by the union of tlio caustic

alkali, with the carbonic acid dissolved in the water, so that the

addition of caustic soda not only removes the magnesium, but also

some of the soluble limo compounds. In tho case of a water

containing much gypsum it is, however, necessary to add washing

soda in addition to the caustic soda. Since crnde caustic soda

frequently contains objectionable sulphur compounds, it should be

examined analytically before being used in tho boiler. In tho case of

certain organically impure waters, and of waters which possess but

little hardness, the subsidence of the precipitated salts is sometimes

very slow. In such cases tho precipitation may bo considerably

hastened by the uso of a small proportion of alum. This is decom

posed by the alkali, tho hydroxide of aluminium which is formed

VOL. III. 17
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being gelatinous, readily carries down with it all the finely divided

suspended particles.

Maignen's " anti-calcaire " owes its efficacy to this property of

aluminium hydroxide. It is obvious that sufficient alkali mast

be employed to precipitato the whole of the alamina as well as the

carbonates of the water. From what has been said, it will be seen

that the first step is to obtain a complete analysis of the water to be

used, after which it becomes a tolerably simple matter to determine

the precise treatment best adapted for the softening of that par

ticular water. If this wero more frequently done, tho wear and tear

of boilers would be considerably reduced, fuol accounts would be

lighter, and the other dangers and evils attendant on incrustation

prevented. In tho caso of fairly large steam-users the erection of

one or two softening tanks would result in a considerable pecuniary

saving in the course of the year, in addition to securing the other

advantages referred to in this paper. Before leaving the subject of

incrustation, I must refor briefly to a form of incrustation which is

caused, not so much by tho salts dissolved in tho water as by tho

presence of oily matters derived from tho cylinder lubricants em

ployed when condenser water is used. I havo pointed out already

that tallow should not be employed under any circumstances, but

even hydrocarbon mineral oils, when used in quantity, will some

times cause this trouble. The oily matters rise- to the surface, and

form a coating around the small solid particles separating from the

water. These coated particles, having approximately the same

density as tho water, are carried about by the currents in the boiler,

and tend to stick to any surface with which they come into contact.

Thus, some of the oily matter will form as a scum on the surface

of the water, whilst tho remainder will bo deposited on the tubes

and plates together with the ordinary mineral deposit. As little

lubricant as possible should, therefore, bo used, and tho scam should

be blown off at intervals through the scum-cock. This latter opera

tion should, in all cases, be performed beforo proceeding to blow off

the boiler. Tho time at my disposal prevents me from entering into

several other interesting aud important questions connected with

this subject, and I must now briefly consider tho subject of

corrosion.

Corrosion, in its widest sense, means the eating away of any sur-
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face through the agency of some sub.stnnco capable of acting upon

hucIi snrfaco, the term being usually applied to cases in which the

surfaces are metnllic and tho action slow. I propose to refer only

to the causes which bring about the internal and external corro

sion of steam boilers. " limiting " is undoubtedly the most familiar

form of corrosion. Dry carbonic acid gas and dry oxygen have

separately no action on iron, and pure, moist oxygen acts with ex

treme slowness. When, however, oxygen and carbonic acid gas aro

brought into contact with iron in the presence of moisture, rapid

" rusting " or corrosion occurs. Ferrous carbonate is at first formed

by the joint action of oxygon and carbonic acid on the motal, and

this is then converted by more oxygen into ferric oxide and carbonic

acid, which farther attacks the metal. Tho ferric oxido then unites

with water, forming tho hydroxide (" rust").

The following equations represent thoso reactions :—

I. 2Fe + Os + 2CO, = 2FeCO,.

II. 4FeCO3 + O, = FeaOs + 4COS.

' III. FoA + 3H,0 = Fe,(OH)o.

Since atmospheric air always contains enrbonic acid gas, and as

this gas is constantly being regenerated in tho course of tho rusting

process, it will readily bo understood that cxtensivo rusting will

occur in the interior of a boiler which is not at work, unless special

precautions have been taken to prevent it. The air necessarily in

troduced with the feed-water also tends to cause rusting, even whilst

tho boiler is in use, although it is, of course, rapidly expelled as a

rule. The rusting having onco commenced, it has to be bomo in

mind that the oxido of iron formed is electro-negative to tho metn

itself, and thus the corrosion will he increased by tho galvanio action

thus set up.

Caustic alkalis unite with carbonic acid, and so prevent it from

exciting the corrosive action just referred to. A piece of steel, for

example, will remain bright for an indefinite period in water to

which a little caustic soda solution has been added. It follows,

therefore, that the best method of protecting a boiler which is not in

use is to fill it with water containing a littlo caustic alkali. The

alkalis used for preventing incrustation, as described in the first part

of this paper, also act beneficially in preventing this particular form

of corrosion.

it 2
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" Pitting," which is merely a localised and intensified form of

corrosion, is usually brought about by the presence in the plates of

small specks of some foroign metal, such as lead or copper, which,

being electi-o-negativo to iron, set up a galvanic action, resulting in

the eating away of the more electro-positive iron at those particular

spots where the impnrity occurs. The unequal distribution of the

ordinary impurities of iron, such as manganese, sulphur, and carbon,

will also bo sufficient, in the presence of an exciting cause, to bring

about rapid local corrosion, owing partly to the different physical

texture of the areas rich in such impurities, but chiefly, perhaps, to

the fact that these impure spots form with the purer adjacent metal

galvanic couples. The formation of rust-spots or the presence of

particles of mill-scale are also sufficient to bring about this

phenomenon. It will be seen that theso impurities and inequalities in

the composition of the plates only make themselves felt in the presence

of some exciting cause, snch as a strongly saline water, or one con

taining acids or acid salts. A water which would havo scarcely any

action on pure homogeneous metal might yet cause intense and

disastrous >( pitting" in the presence of impurities snch as those

above referred to.

Another form of internal corrosion is that produced by the use of

a peaty water, containing humic and other vegetable acids in

solution. Such ■waters, which are invariably soft, act energetically

on iron, exerting as a ralo a uniform solvent action on the plates.

In fact, the worst case of boiler corrosion, which has come under my

notice was brought about by tho use of such a water by a manufac

turing firm in the north of England.

I give below an analysis of a scale taken from a boiler in which

such a water had been used. It will be seen that it consists almost

entirely of oxide of iron.

Carbonate of calcium 0-86

Oxide of iron 8074

Silica 6-42

Organic matter 9*24

Moisture 2-04

Matters undetermined 070

100-00
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Waters of this description, after the addition of sufficient lime to

render them slightly alkaline, may be used with comparative safety.

Tho lime neutralises the. organic acids, and causes the formation of a

slight incrustation which serves to protect the plates. Petit has

recently called attention to the fact that the soft -water of the

Moselle acts rapidly on iron pipes until it has been treated with a

certain amount of lime. Water containing sulphate of iron, such as

is sometimes obtained from wells in the immediate neighbourhood of

coal-pits and from mines, and waters containing large quantities of

common salt also act rapidly on the plates.

It has already been pointed out that at the high temperature

frequently obtaining in a steam-boiler, chloride of magnesium in tho

presence of water undergoes decomposition, with formation of mag

nesium, hydroxide, and hydrochloric acid. This latter acid will not

attack the plates below the water-lino owing to tbe protective basic

incrustation ; but above the water-line serious corrosion and pitting

may occur, and owing to the volatility of the acid this trouble may

in bad cases spread to the steam-pipes, and even to the cylinder of

tho engine. Just as the contact with iron of metals which are

electro-negative to it (e.g., copper and lead) causes the rapid

corrosion of tho iron, so on the other hand the contact with it of a

moro electro-positive metal, such as zinc, serves to protect tho iron

at the expense of the more electro-positive metal.

It is on this account that " galvanising " is resorted to as a means

of protecting iron exposed to atmospheric influences. Plates of

zinc, in contact with tho iron, have also been used in boilers to pro

tect tbe iron plates, with in some cases fair success. The serious

corrosion of the external surface of a boiler is, as a rule, moro easily

prevented than the corrosion of its interior. It is chiefly due to the

combined action of oxygon, carbonic acid, and moisture on the

metal; but galvanic action, producing local and more serious

destruction, is not uncommon. Faulty setting, with insufficient

means of drainage, is one source of tronble, and neglected leakage

at tho rivets another. When leakage occurs around a brass cock,

tbo iron is acted upon rapidly owing to the contact of tho two

metals. Serious injury from external corrosion may, however, be

readily prevented by a careful examination of tho plates at fairly

frequent intervals.
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In bringing this paper to a conclusion, I trust that I have suc

ceeded in making clear some of the points in connection with the

chemistry of steam-raising, a better knowledge of which would often

enable the user of steam to triumph over many of the causes which

operate against the well-being of a steam boiler.

Discussion.

The President said he had observed that the coils iu vessels used

for preparing sugar solutions were never badly incrusted, and he had

been led by that observation to ubo a small amount of sugar in the

steam boiler, with very satisfactory results. He would like to ask

whether the salts which came out of solution on boiling were more

soluble in sugar solutions than in water. He wished to express his

appreciation of the paper, which was an extremely practical one, and

they had to thank Mr. Chapman for the large amount of information

he had brought beforo them.

Mr. Chapman said that most of the salts of calcium and magnesium

were more soluble in solutions of sugar than in pure water. A

material, consisting chiefly of treacle, had, he believed, been patented

for use as an anti-incrustator, and he knew of one case in which

treacle had been used, with results which were, however, far from

satisfactory. In reply to a question by a member, Mr. Chapman said

that, for the purpose of loosening the scale by means of paraffin oil,

a good plan was to add sufficient oil to form a distinct layer on the

surface of the water when the boiler was almost empty, aud then to

slowly fill it with water, so that the paraffin layer was brought

gradually into contact with the whole of the incrnsted surface. The

oil was thus enabled to work its way into the interstices of the

deposit, and to bring about its disintegration. As lie had pointed

out in his paper, however, it could not be used when naked steam

was employed.

Dr. A. K. Miller said that Mr. Chapman had treated the subject

in a most exhaustive manner, and, in proposing a vote of thanks to

him, ho would like to echo the remarks made by the President as to

tho interest and value of tho paper.


